
f - f /. 
06bEllHHEHHbU1 HHCTHTYT SlllEPHblX HCCJlEllOBAHHltl 

nAEOPATOPHH HEATPOHHOA ~H3HKH 

B.H. Eq>HMOB 

2818 

K TEOPHM PACCERHHR HE~TPOHOB HA nE~TPOHAX 

AaTopecpepaT JlHCC0pT8UHH Ha COXCK.8HH8 y11eao:f!: CT8118H11 

K8HllHJl8T8 q>H3BKO-M8T8M8TH118CK.HX HBYK 

HaytIHbiii pyKOBOllBTen& -
K8HllBJl8T qJB3HKO-M8T8M8TH"l8CKBX aayK 

M.B. KaaapHoBCKHA 

n y6aa 1888 



B.H. E,jJHMOB 

2816 

K TEOPHH PACCEHHHH HEATPOHOB HA JlEATPOHAX 

ABTOpe<pepaT AHCC8pT8ABH Ha COHCK8HH8 yqeHoA CT8A8HH 
KaHABABTa ,jJH3HKo-MaTeMaTnqecux HBYK 

HayqHbIA PYKOBOAHTem. - . 

C8.Y6. 

KBHABAaT ,jinsHKO-MaTeMaTHqecKBX HayK 

M,B, KasapaoncKnA 



KBaHTOBO-M8X8HH'l'.8CK8SI npooneMa Tpex B38HMoneilcTBYK>lllHX 'l'.8CTHll npencTaBnsreT co-

6oi! cnolKHyIO M8T8M8TH'l'.8CKYIO aana'l'.Y, pem8HH8 KOTOpoi! B H8CTOSI1llee Bp8MSI B03MO}!(H0 nHWh 

C npHBn8'18HH8M npllOllHlK8l!HhlX MeTonoB. TpynHOCTll pemeHHSI STOi! aana'l'.H cymeCTB8l!HO 

B03p8CT8IOT, ecnH nnsr OllHC8HHSI B38HMonei!CTBHSI llyKnOllOB Hcnon&ayIOTCSI noTeHllHBnhl, co

nep}!(8lllH8 T8H30pHbI8 H cnHll-op6nTan&llhl8 XoMnoHeHTbI H OTTanKHB8l!He 11a Manhlx paccTosr

HDllXo Onl!BKO HyKnOH-llyKnOllll08 pacceSillH8 npH MBnbIX a11eprn:srx D a11eprHH CBSI3H nei!TpOHB 

O'l'.8llh xopomo B'.l!TepnpeTHpyIOTCSI B npennon0}!(8l!KH, 'l'.TO B38llMoneilcTBH8 HyKnOHOB xapaK

T8pllayeTcsr ll8l!TpanbllhlM noT8HllHBnoM C npoCTOi! P8AH8llhl!Oil 38BHCHMOCThIO 083 OTTanKHB8-

T8nhBOrO KOPS • 8 CBll3H C STHM npencTaBnsreT onpeneneHHhlil HHTepec HCnonh3oB8HH8 npoc-

TeilmHX neHTpan&HblX llOT8HllB'.BnoB npH pemeHHB'. '18CTHOil 

0 pacceSIHB'.H MenneHHb!X Hei!TpOHOB Ha nei!TpOHax. 

38A8'l'.B'. Tpex llyKnOHOB - aana'l'.H 

8 nn:ccepTanHK paccM0Tpe110 npHMeHeHHe npSIMbIX MeTOAOB M8T8M8TH'l'.8CKOil !pi13B'.KH: Ba pH-

BllilOlll!Oro M8TOA8 H MeTOA8 6y6HOB8 - ranepKHll8 nnsr BbI'l'.HCneHBSI AnHll n - d -pacce11-

l!Hsr. HM8IOlllH8CSI B llaCTOSilll88 Bp8MH axcnepnMeHTan&Hhle naHHhle npHBonsrT K nByM B03MO}!(

/ l/ 
llhlM 11a6opaM aH8'18HHil KBapT8Tl!Oi! 8 4 K Ay6neT11oi! 82 nnn:11 n - d - paccerumsr 

I) 84 • 6,38 ;t0,06f , 8 2 • 0,7 :t o,a f 

II) · 8 4 • 2 ,6 ±. 0 ,2 f a 2 • 8,26 ±.O,l2f 

B nepaoi! rnane AaeTcsr ooaop TeopeTH'l'.ecxxx pa6oT no a11anHay paccesraHH MenneHRhlX 
I 

11ei!TpoHoB 11a nei!Tponax. Ilpxnene11a TaOnHna,. B KoTopoi! co6pa11hl peayn&TBTbl 9THX pa6oT, 

IlOA8BllHIOllle8 OOllhWHHCTBO H3 KOTOpblX roBOpDT B non&ay naoopa SKCil8pHM0HT8llbHblX 

n - d -paccesruHsr~ 

Bo BTOpoi! rnane AHCC8PT8llllH p8CCM8TPHB80TCSI npHM0H8HH8 B8PH81lHOHHOro MeTona 

/2/ 
Py6HHOB8 nnsr !p83 paccesrHHSI K pemeHHIO 38A8'1H O pacceSIHHH MenneHRblX Hei!TpOHOB Ra 

A0i!TpOH8X B npeurrono}!(8HHH, 'ITO __ B38HMoneilcTBll8 HYKllOHOB OllHChlB80TCSI U8HTp811hHb[M H30-

TOilH'18CKH-HHB8pH8HTHhlM noTeHllHBnOMo 3KCTP8M8n&Hoe 3H8'l'.8l!He <pyHKllHOllana, onpeuem110me

ro <paay pacC8HHHll, OTblCKHBa8TCSI npSIMbIM M8TOAOM PHTD:a. IlpoOHble <pyHKllHH BhlOpaHb_l C 

yqeToM necj,opMa~HD nei!Tp0ll8 B nponecce pacce11HHSI H C y'l'.eTOM CTpyKTypbl H CHMMeTpHH 
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CilllHOB:blX JI IIpOCTpaHCTBeHHblX qiymtnnl! CBCT8Mli II811TpO.II-A81TpOII. CoeTOSIJIJIJO 11 - d -

CJICT&Ml,I e nOIIHJ,IM Cllll!IOM 5 • 3/2 COOT:e&TCTByeT 0.ltHA enJIHOl!IA.ll qiymaour, CllMM&Tpr-I- . 

JIU IIO CIIBHOBJ,IM nepeMeHHhIM BC8X JIYKIIOHOB, TOrJla KAIi: Jlrul COCTOIDIJl2' C IIOIIIIJ,IM CIIBIIOII 

' s .. f/2 MOlKHO BB8CTII AB8 nHH8llHO-H83ABHCIIMblX CIIJIHOBbIX qiyHK:nBH, OA!IA H3 KOTOpblX 

CHMM&TpB'tlla, a ApyraSI AHTHCHMM8TpH'IBA OTHOCHTellbBO nep9CTAHOBl(H CIIJIJIOB llB:,X JI81T-

poHOB.· B COOTB8TCTBJIH C STHM Amr KBApTeTHoro COCTOSIHBH BB8A&Ba OAIUI npoOHAH ,«jly!IJ:J{BII, 

8.IITJICBMM8TpB'lll8SI no npoCTp8HCTB8HBJ,IM KOOpllBHATBM llB,-X nel!TpOBOB, A l{IISI ll;r61IeTHoro 

COCTOHHJISI BB8A8.BJ,I AB8 H838BHCHMJ,I8 npoonue qiyBKn1rn: ARTHCHMM8TpH'tllall, JI CHMM8Tpll'l.ltA!l 

IIO KOOpAHHATBM H811TpOBOB. '1Jncn:8HHhI8 pAC'l'.8ThI 1Ip0B8A8HJ,I Jlrul IIOT8HnHAJia raycca, napa

M8Tp!,I KOTOporo cornacOBAHbl C A8HHbIMl'l IIO 11 - p - B3AKMOA811CTBKJO IIpH M8JIJ,IX 8H8p-

rHSIX. .QIISI l{IUIB 11 - d -paCC8SIHHll nony'l'.8HhI cneny10m11e 3H8'18HHH 
/3/ 

8 , • 6,6 f , •2 • l.OL 

l101ta3aHo, '1'.TO !Ia B8JIK'l'.HHY a 2 cymecTB8BBO BIIIUl8T BB8A8HH8 CHMM8Tpll:'1'.HJ,IX KOMIIOHeHT B 

npooHyio qiyHKnHio AYDII8THOrO COCTOSIHHSI, 3TO OO'hSICIIH8TCII T8M, '1'.TO B AyOJI8THOM COCTO.HIIBB 

1IpHIII1Hn Ilaynn !Ie 38.IIpemaeT o6pa30B8HBSI TAKHX lCOHqJnrypannl!, -KOTOphI8 COffl8TCTBYJ()T- OT-

HOCHT8JibBOMy a -COCTOHBJIIO JlBYX nel!TpOHOB H KOTOphI8 BHOCSIT H8.HOOII88 cymeCTB8HBJ,Ill 

BKIIAA B A8qJOpManH10 A8i!TpOHa. 

Pe3ynhTATbI BapnanHOIIHblX pac'l'.eToB ncnonb3oBaHbI i:uISI BbI'l'.HCnearui no MeTOAY Illnpyxa 
/4/ 

n Po38Hoepra Bepxanx rpannn TO'lllb!X 3HA'l'.8HHil '/llIHH pacceSIHHll, COOTB8TCTBy10mnx BJ,I0-

paHHOMY noTeHUnany. l101IY'l'.8Hbl cnenyromne p83Y1IbTAThI 
/5/ 

a 4 .~ 5,81, •2 !,. 0,951 , 

KOTOpb18 n03BOlISIIOT CA81IATb BhIBOA O TOM, '1'.TO H3 JlByx B03MOlKHblX H800pOB 8KCn8pl!M8HT81Ib-

Hb!X 3ll8'18HHII AJIHH 11 - d -pacce<IHHSI Hanoonee npeAno'ITHTenhHJ,IM HBn<1eTCn Haoop ,I. Cne-

AY0T 38M8THTh, '1'.TO 8TOT Bb!BOA OCHOBAH Ha cymecTB8llHOM npeAnOIIOlK8HHH O TOM, '1'.TO neHT

panbHbill n0Tennna11 Tnna raycca AOCT8TO'l'.HO KOppeKTHO onHCblBAeT B38HMOA811CTBH8 HYKJIOHOB 

npn pacceHHHH M8All8HHblX Hei!TpOHOB HA A811TpOHAX. 0AHAKO KBlK8TCH Mano :eepOHTllJ,IM, 'ITO 

HCIIOllb30BAHH8 oonee peanHCTH'l'.8CKl!l'.X IIOT8HllH8lIOB, Y'l'.HTblBaIOmBx T8H30pHbI8 cnnhI ll OT

TBlIKHBBT8llbHbil! KOP, Morno 01,1 H3M8HHTb pe3ynhT8ThI B TAKOII CTenoHK, '1'.TOO!,I OHR OK8.3a-

IIHCb OlIH3KHMH K Haoopy II 8KCn8pKM8HT81IbHblX 3H8'1'.8HHi!. 

Hap<IAY C BapnannoHHbIM M8TOAOM B AHCcepTannn paccMaTpHBA8TCH T8KlK8 IIpHM8H8HH8 

. )/7/ 
M8TOA8 B¥DHOBB-fanepKHll8 (Br K pemeHHIO 38A8'1 ABYX II Tpex HYKJIOHOB. TpeTbB rna-

Ba AHCC8pTanl!l'.n nocBHmella pemeBl!IO C lIOMOJllblO M8TOA8 Br 38.[{B'IH JlBYX HyKJIOHOB C neHT-

/7,8/ 
panbHhIM lIOK81IbHhIM B38HMOA8i!CTBH8M • Ilpll 8TOM cymecTB8BHblM o6pa30M BCIIOllb3y8TCll 

KOpOTKOJl8llcTByromnl! xapaKTep HA8pHUX CIIII H TO OOCTOHT81IbCTBO, 'ITO B SIA0PHOM nOTeHUIUl

ne HM88TCSI TOIIbKO OJlllH ypOB8Hb (peallbHJ,IH KIIB BIIJ)TYAIIhHJ,Ii!) C H800JlbWOll anepr:aell. STO 

CBOIICTBO SIA8pHUX CHn rrpnBOAHT K TOMY, '1'.TO IIpJI MallblX 3Heprnnx BOIIHOBBH cpymtnK~B 

1Ip8A8nax nOT8HnH8/Ul M8HH8TCSI AOCT8TO'lll0 IIlIABHO (He OCIIHIIllllpyeT) H MOlK8T Ob!Tb xopom~ 

4 

~-

l 11' 

l 
. I 

I 
I 

·{\ 

~ 
I 
~ 
I 
' H 

,-i! 

:f 
~.· si 
{I 
·I 
. I 
I j 

'r 

'l :~· 

i' '\j, 
I" 
11 
I! 
1 

annpoKCKMHpoBaHa CTeneJIHhIM P.SIAOM C H8001IbWHM '1'.HCJIOM 'l'.II8HOB nnn H8001ll>WHM 'll!CII 

H8,KOTOpblX lIOJil!HOMOB, B CBSl3H C 8TJIM BBOAHTCII nonHaSI CJICT8MA opTOHOpMl!pOBaHBhIX 

3HCHhIX qiyHKJil!lll, paAH8JibHbl8 '!'.ACTH KOTOpblX 6~py.TCSI B BHA8 nonl!IHOMOB, opToroHanbHJ,I: 
x/ . . 

B8COM, 01Ip8A81Ill8MUM paAHalibHOi! 3ABJICHMOCTblO noTeHUJIAJia , CornacHO M8TOAY: Br E 

HOBAII ,PymtnHSI OTJ,ICKHBA8TCSI B BHA8 PSIA8 no CHCT8M8 083HCHblX ,PyHKnnl!, KOSqlqJHnl!8HTI 

roporo OIIP8A8lISllOTCSI H3 HHT8rpanbHOro ypaBH8HIIH IIlpeAHHrepa • .nnSI KOs<pqiHnH8HTOB pa: 

lK81IBII IIOlIY'l'.8.8TCH CHCTOMa lIIIJ8l!HhIX anre6paH'l8CKHX ypaBHenni!, B80AHOpOAH8H AlISI 38, 

0 pacceSIHHl!I H OAHOPOABASI B cny'lae CBSl38HHoro COCTOHHHH, PaBeHCTBO Hyn10 onp8A81IHT 

OAHOpOAHOII CHCT8MhI HBlISl8TCH ypaBH8HH8M Allll onp8A8ll8HHH COOCTB8HHoro 3HA'l'.8HHH -

8Heprnn CBH3JI A811Tpoua. CneAyeT 38M8THTb, '1'.TO npn onpeAeneHHH KOSqlqJHilH8HTOB pA3lli 

HHH 113-<38 ycnOBHH OpTOrOHAllbHOCTH 083HCHJ,IX qiyHKIIHil C B8COM noT8HUIUlna CaMo pa3n 

HH8 BOJIHOBOII qiyHKnHH Hcnonb3yeTCH'TOllbKO B OOlIACTH A8l!CTBHH noTeHnnana. BHe STOii 

lIACTH BOJIBOB8H <PSHKUHH onpeA8lISl8TCH C noMOII1blO HHTerpalibHOro ypaBH8HHSI IIlpeAHHre; 

YKa3aHHJ,III BJ,IW8 BJ,IDOp 083HCHhIX qiyHKnnll npHBOAHT K TOMy, 'l'.TO HyneBoe rrpnonn: 

M8TOA8 Br·coOTB8TCTBy8T 3AM8H8 BOlIHOBOII. cpyH!aUrn B OOJIACTH nOT8HUHana KOHCTAHTOJ! 

ee cpeJlJIBM 3Ha'leHneM no STOii oonacTn. PemeHne 3AAO'IH AByx JIYKlIOHOB c noKa1IbH1,1~ 

T8HllH8lIOM B HyneBOM npnDJIHlK8HllH M8TOA8 Br OKA3b1Ba8TCH TOJKA8CTB8HHO COBnaAa10mn, 

TO'l'.llhIM pemenneM STOii '3AA8'1H C H8lIOKanhHbIM qlaKTOpH3YlODlHMCH noTeannanoM .HMaryq 

TioK838Ho, '1'.TO Hyll8B08 npHDIIHlK8HH8 M8TOA8 Br cnpaBe)lnHBO C TO'l'.HOCTblO BKlIIO'IHT81Ibl 

AO 'l'.ll0HOB, IIHH8l!llblX no paAnycy B38HMOA8llCTBHH 'o H 'l'.TO npK COOTB0TCTBY10Dl8M 

A81IhHOM nepexol{e OHO npHBOAHT K H3B8CTHbIM BJ,IpalK8lIHSIM l{IISI 

/10/ 
q,yHKnlIH A8l!Tpolla B nBH8llHOM IIpHOIIHlK0Hl!l'.H no 'o 

t -MaTpn:n1,1 n Bon: 

B 001118M ClIY'l'.88 npHM8H8HK8 M8TOA8 Br K 38Jl8'18 JlByX JIYKlIOllOB Jl88T AlISI napao: 

- MaTpH!lbl BH8 8H8pI'8TH'l8CKOII noBepxaoCTK npnonn:lK8HH08 BblpalK8HH8, npeACTBBII 

mee coool! cy.J,IMy cnaraeMhIX, qJaKTOpH30BaHHblX no BXOJlHOMy II BhIXOJlHOMY nMnylibCAM. 

'b:cno TaKHx cnaraeMblX orrpeA01ISl8TCH nopHAKOM rrpn6JIHlK8HKSI, T.e. '1'.HClIOM 083HCHbIX 

nnl!, ·ncno1tb3yeMhIX B pa3JIOJK0HJIH BOIIHOBOII q,yHKn1111. IloKa30HO, '1'.TO IIpHOlIIllK8HH08 B!,Ip 

Hne An<I t -MaTpnn1,1 YJlOBll8TBOpH8T H800XOAHMhIM ycnOBHHM CHMM8TpHH n yHHTAp!IOC 

AIIll KBSApaTH'l'.HO l!IHTerpnpyeMJ,IX lIOT8lll1JIAlIOB OHO CXOAHTCSI K TO'l'.HOMY 3HA'l'.8HHIO, YAO: 

Bopn10meMy H3B8CTHOMY HHT8rpallbH:OMY ypal3ll8HIIIO. Ilony'l'.8HJ,I' B!,Ip8lK8HHH JllISI ~IIHOBOl 

JUIH- A811TpOH8 ll'. nap!llil8llb!JhIX 8MIIlIHTyA pacceHHHHi KOTOpbI8 np8l{CTABlIHIOT COOOl! <PAll:TH'I 

npHOJIHlK8H~H no CT8Il8HHM OTHOW8HHH pal{Byca B38HMOA811CTBllH K xapaKTepnCTH'l'.8CKOMy 

Mepy CHCT8MhI, B K8'18CTB8 KOHKp8THOro npnMepa paCCMOTpea noTennnan IOKaBbl,, AnSI K 

poro paCC'IHTAHJ,I 3HBHCHMOCTH OT napaMeTpOB noTennnana 3HeprKn CBSl3H l{8i!TpOH8, Am 

- x/ 11 pll 8TOM npeAnonaraeTCH, '1'.TO paJlHAllbHASI 3ABHCHMOCTb noTeHnnana B38HMOAe 

BID! JlByX HYJtlIOHOB OnHCJ,IB80TCH 3HaKOIIOCTOHHHOl! <PYBKllH8ff OT B38HMHOr0 p8CCTOSIHHH 

AY HyxnoHaMH. 

5 



8IIIIpOKCBMBpOB8Ha CTeII0HHbIM P.SIJlOM C ne6onbmHM 'IHCnOM '!nenoB HnJ!I ae5om.mHM 'lHCJIOM 

ne~oTOpbIX nonHHOMOB. B CBSl3H C 3THM BBOJlHTCSI nonnasi CHCTeMa opTOHOpMHpOBaHHbIX 6a-

3BCHbIX «pyHKnn:8, panaanbHbl0 'l8CTH KOTOpbIX 6~py.TCSI B BHJ:10 nonBHOMOB, opToronanbHbIX C 
xi . 

B0COM, onpenensi0MbIM P8JlH8nbHO8 38BHCHMOCTblO IIOT011IlH8na • Cornacno M0TOJlY. Er Bon-

HOBaSI «pyHKilHSI OTbICKHB88TCSI B BH,118 pS!Jl8 IIO CHCT0M8 6a3HCHbIX «pyHKIIH81 K09q)«pBUH8HTbI KO

TOporo OIIp0Jl0nSIIOTCSI H3 HHTerpMbHOro ypaBH0HHSI Illp0JlHHrepa • .nnsi K03cpcpHnH8HTOB paano

lK0HHSI nony'la8TCH CHCTeMa nHH08HbIX anre6p8H'l8CKHX ypaBH8HH8, H8OJlHOPOJlH8H JlnSI 38Jl8'1H 

0 pacceSIHHH H OJlHOponnasi B cnyqae CBH38HHOro COCTOSIHHSI. PaB8HCTBO Hynro onpenennTena 

OJlHOpOJlHO8 CHCT0Mbl SIBnSl0TCH yp8BH0HH8M JlnSI onpenenenusi co6CTB8HHOro 3H8'18HHSI -

3Heprua CBSl311: ]l88Tpona. CnenyeT 38M0THTb, 'lTO IIpH onpeneneHHH K09q)«pHIIH8HTOB paanoJKe

HHSI H3-S8 ycnOBHH opToroHMbHOCTH 6a3HCHbIX «pyHKnH8 C B8COM IIOT0HilHana C8MO paanoJKe

HH0 BOJIHOB08 «pyHKllHH HCIIOnb3y0TCH·TonbKO B o6nacTH Jl08CTBHSI IIOT0HilHBna. Bne 3TO8 06-

naCTH BOnHOB8SI cp;mcnusi onpenenS18TCSI C IIOMOmblO HHTerpanbHOro ypaBH0HHSI Illp0JlHHrepa. 

YK838HHbI8 Bblme BbI6op 6a3HCHbIX cpyHKnna IIpHBOJlBT K TOMy, 'lTO nynenoe npn6nHJK0HB8 

M0TOJl8 Er·coOTB8TCTBy0T 38M8H0 BOnHOBO8 «pyHKIIHH B 06JIHCTH nOT011IlHHna KOHCT8HT08 

ee cpennnM anaqenneM no aTo8 o6nac:Tn. Pemenae aa]la'l:H JlByx HyKnoaon c noKanbHbIM no

TellllnanoM. B Hyn0BOM npn6JIHJK0HJIH M8T0Jl8 Er OK83bIB80TCSI TOJK]l0CTB0HHO COBII8Jl810ffiHM C 
. ,~ 

TO'l:HbIM pemeaneM 3T08 '38Jl8'l:H C H0/IOK8nbHblM «p8KTOpH3y10mHMCH IIOT011IlH8nOM HMaryqu • 

IloKaaano, '!TO nynenoe npa6nHlK0HBe M0TOJl8 Er cnpane,11nHBO C TO'l:HOCTblO BKnIO'l:HT8nbHO 

no qnenon, nane8HbIX no panaycy B38HMOJl0ilCTBHSI H '!TO npu COOTB8TCTBy10meM npe

nenbHOM nepexone OHO IIpllBOJlHT K H3B0CTHbIM BbIP8lK0HHSIM ]lnSI t -MaTpHIIbI H BOIIHOBO8 
110/ 

«pyHKun:a ne8Tpona B nane8aoM npn611aJKeHHH no •o 

B o6meM cnyqae npBM0H0HH8 M0TOJl8 Er K 38]l8'l:0 JlByx HYKIIOHOB Jl80T JlnSI napno8 

- MaTpHllbI BHe anepr0TH'l:0CKO8 IIOBepXHOCTll npu6naJK8HH00 Bbip8lK0HHe, IIp0JlCT8BIISIIO

mee co6o8 cy.),!My cnaraeMbIX, «paKTOpH30B8HHbIX no BXOJlHOMY ll BbIXOJlHOMY BMIIym.caM. 

'bicno T8KHX cnaraeMbIX onpenenHeTcSI nopH]lKOM np116nHlK0HHSI, T.e. 'IHC/IOM 6a3BCHblX «pyHK

IIHll, HCnOllb3yeMbIX B p8311OlK8HllH BOJIHOBO8 «pyHKIIll:11:. TToKa38HO, '!TO npu611HJK81IHOe Bblp8lK0-

ll'.B0 JlllSI t -MaTpllIIbI YJlOB/10TBOpS10T aeo6XOJlHMb!M ycnOBHSIM CllMM0TpHII II ynnTapHOCTl'I II 

Jl/lSI KBaJlp8TH'l:HO ll:HTerp11pyeMbIX HOT811IlHMOB OHO CXOJlllTCSI K TO'l:HOMY 3H8'l:8HIIIO, YllOB1IeT

BOpS110meMy 113B0CTHOMY HHTerpallbH:OMY ypanaenxro. no11y'l:eHbI
0 

BbIP8lK0HllSI ,II/ISi J'!OIIHOB08 cpynK

iuiii: ne8Tpona H IUipllllS/lbHbIX 8MIInHTyJl paCC81IHHSli KOTOpbl8 IIp0JlCT8BIISIIOT co6o8 «paKTH'l0CKH 

npn6nlllK0HHSI no CTeireHSIM OTHOID0HIISI pan11yca B38HM0,(108CTBHSI K xapaKT8p11CTH'l:0CKOMY paa

Mepy CHCT0Mblo 8 K8'l:0CTB0 KOHKp0THOro npaMepa paCCMOTp8H IIOT011IlHM IOK8BbI, nmr KOTO

poro paCC'lllT8HbI 38BHCHMOCTH OT nap8M8TpOB HOT011IlH8na sneprllll CBSl311 ]l08Tpoaa, Jl/lllHbI 

x/ TTpu 3TOM npennonaraeroa, '!TO pan11anbH8SI 38BHCHMOCTb HOT0HIIll8118 B38HMOJl8ilCT

BHB JlByX HyKIIOHOB OHHCbI.B80TCSI 3H8KOHOCTOSIIIHO8 cpyHKIIHeli OT B38HMHoro paccTOSIHHSI M8lK

ny HyKIIOHaMH. 
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pacce!IBIISI B a,W,eKTHBBOro paAByca Anll p11A8 np116nBJK8BBll MeTOAa Br. Pe3ym.T8Thl nOK83hl

BaJOT, ~o 11cnonb3oBaBHe AaJKe Be6on&moro qacna 6a3Hcaux ¢yaxnaa (AByx ana Tpex) npa

BOAHT K xopomeMy cornac1110 c pe3yn&TaTaMB 6onee · Toqaux qacneHHux pacqeroa. 

8 qeTB8pTOli rnaae ABCC8PT8llllll paCCMOTp8BO npBM8B8BH8 M8TOA8 Br K pemeBBIO Bepe

nHTIIBIICTCKOll 3aAaqa Tpex ByKnOBOB, B3aBMOA8liCTBB8 KOTOphlX xapaKT8pH3YeTCll neBTpan&-
, - /7 11/ . 
BbIMB noKan&BbIMH noTemtHanaMH ' • AnH npoCTOThl caaqana paccMOTp8B8 CHCT8Ma Tpex 

TOJKA8CTB8BBbIX 6eccnHBOBbIX qSCTHn. AnH cnyqag pacce!IBHSI OABOli qaCTBilhl Ba CBH38BHOM .. 
COCTOHBHB AByx ApyrBX BB8A8BbI cneAyJOmBe KOPPAHB8Thl: B8KTOp • MeJKAy JlBYMH qac-

TBil8MH, o6pa3yJOWBMB CBH38HBO8 COCTOHJ'lll8, H B8KTOp p M8JKJlY neaTpOM TllJK8CTB CBll-

38BBoro COCTOSIHIIH H naA-EllOI!l8li qacTBnea.· Ana ¢yp1,e-KOMllOB8BThl 1jl c: , q BOJIBOBOft 

¢yBKnHH no nepeMeBBOA 
.. 
p 3anBCbIBaeTCH HBTerpani,aoe ypaaaeane, conepJKamee aeo6-

XOJlHMbl8 rpaaaqBbie ycnOBHH H npeo6pa30BaBB08 C yqeTOM CHMM8TpBB BOnBOBOll ¢YHKnllH Ta

KIIM o6pa30M, qTQ B IIBTerpan&BOM qneae nOTeBlll!M II BOnBOBBll ¢YBKllllH 38BHCSIT OT OJlBOll 

H Toll JK8 nepeM8BBOli : 3aTeM,. cneAyH MeTOJlY Br, ¢yHKllllH 'JI (; • q) pacxna)lb!BaeT-

CH B pHJl no CHCTeMe 6a3BCBblX ¢yHKnBli, BB8Jl811Hb!X B TpeT&ell rnaBe B 3aBHCHillBX OT ne-

peMeHBOli ; , Kos¢¢auHeBTbl pa3nOJK8BHH B 3TOM cnyqae HBJIHIOTCSI ¢YBKnHIIMH OT 
.. 
q B 

ynoanerBopHIOT CHCTeMe B8O)lHOPOAHblX BBTerpan&BhlX ypaBB8BHli, BhlT8KBIOillBX H3 ypaBH8BHH 

JlnH wc:,;i. Ami CBH38JIHOrO COCTOSlBH Tpex qacTBil IIM88T M8CTO CIICT8Ma OABOPOABblX 
\ 

IIHTerpan&HblX ypaBB8HHA. 

·KaK H B cnyqae JlByX It yKnOJtOB, pa3nOJK8HB8 ¢YBKllBII 'I' c:,ql ncnonb3yeTcsr Toni,-

KO B o6nacTH nelicTBHH noTemtHanoB, a BB8 3TOli o6naCTB BOnHOBBSl ¢yBKnHll onpenenaeTCH 

C llOMOillblO HBTerpan&Boro ypaBB8BHSl. IlonyqeBbl BupalK8llllSl qepe3 Koa<Jxi,nnne:irru p83nOJK8-

BHSl nnsr aMnnHTYJlb! pacceHBHll qacTBJlbl BB CBll38BHOM COCTOSIBHH JlByx npyrax II JlJill BOJI

HOBOli ¢yHKUlIII CIICT8Mbl Tpex qaCTHil B HMnyn&CHOM npencTaBneHBB. Ilocne,[Ulee Bhlp8lK8RJl8 

YAOBn8TBOpSl8T aeo6xonBMhlM ycnOBHSIM CIIMM8TpHII H BMeeT. TBKYIO CTPYKTYPY, KOTOpall ll03-

B0/Ul8T nonyqBTb 113 CIICT8Mbl BRTerpan&BblX ypaBB8BHli ltnSl Kosq>¢unue.11TOB pa3JlOlK8RJIII 38MK-

/12/ 
BYTO8 HBTerpan&Boe- ypaBB8BH8 <l>a)l)lee.Ba JlJill BOnBOBOll ¢yBKllBB, COJl8plK8Ill88 BM8CTO 

noTemtHanoB napBbI8 t -MaTpHilb!. IloKa38BO, ~o Jlnll neBTpM&BhlX can yrnOBb18 nepe--

M8BHble nerKO OTJl8nSIIOTCSl B nnsr napnnan&Hb!X KOMnoae:irr KOa<Jxi,HllH8ll'rOB pa3nOJK8.l!Hll nony,la-

8TCH CBCTeMa OABOM8pHb!X J!HT8rpan&BhlX ypaB.118Bllli. 

Il0Apo6ao paccMoTpeao ayne»oe npa6nnlKeBBe MeTOAa Br. B aTOM cnyqae.ypaBBeane 

llnH 8AIIHCTB8HHOro Koa<Jxi,BuHeHTB pa3nOlK8Hllll CoBnaAaeT C TQqllblM ypaBH8BH8M JlJill BOnBO

BOll ¢YHKJlBB CHCT8Mbl Tpex qaCTHU, B38llM'.>Aei!CTBl!e KOTOpblX :JllBCbIB88TCll aenoKan&BhlM 

.., . . er /9/ II I 

..,aKTOpH3YIOillBMCSI llOT8HUBanoM nMaryqa • OK83aao, qTO npB COOTB8TCTBYIOill8M npe-

A8n&BOM nepexoAe B3 ypaBB8BBSl ByneBOro npB61IlOKe.llBH M8TOA8 Br Bb!T8K8IOT ypaBB8BHll B 

/13/ /IO/ . . 
ByneBOM B naaeliBOM npH6nHlK8BBSlX no PB.!UIYCY B3811M:>AelicTBBSl •o • 

IlpBMeBeaae MeTona Br B 3anaqe Tpex pean&BbIX BYJtnOBOB npBHllBllBan&BO Be OTnH-

6 

I, 

qaeTCII OT cnyqaa Tpex 6eccnBBOBblX qaCTBU. YqeT cnBBB H B3OTOllBqecKOro CUBBa BYJtnO

BOB npBBOABT nBIIIb K B8KOTOphlM anre6panqeCKBM ycnoJKBeBBHM CBCT8M BBTerpan&BlilX ypaa

B8BHli AnH KOa<Jxi,BnBeBTOB pa3nOJK8lIBSI npOCTpaHCTB8BBblX KOMnoaeaT nonBblX BOnBOBI,IX ¢yHK

nBli. Ansr 3TBX KOMllOH8BT nonyqeBbl BbIPBlK8BHH, YAOBn8TBOPIIIOillH8 aeo6XOABMhlM ycnoBBllM 

CBMM8TpBB, a TaKlK8 CBCT8Mbl. BBTerpan&BblX ypaBB8BBi!, SlBJIHIOillB8Cll 0606me.11BeM ypaaae-

/12/ 
BBII <l>aAA88Ba Ba cnyqaff peanhBblX ByKnOBOB. KaK B B 6eccllBBOBOM cnyqae, npoBeA8BO 

OTAeneaBe yrnOBblX nepeMeBBblX B nonyqeBbl CBCT8Mbl OABOM8pBbIX ll'.BT8rpan&BhlX ypaBB8Bll'.ll 

AM napnaan&Bb!X KOMnOB8BT KOsq>¢HitneB~B pa3nOJK8HBSl. Iloxa3aao, qTO BblpalK8BB8 Anll aMn-

nBTYAbl ynpyroro D - d -pacceHBBII qepe3 KOa<Jxi,BnBeBTbl paanolK8BHll np8ACTaBnH8T co-

6oli ¢aKTBqecKB PIIA no CTeneBHM Manoro napaMeTpa - OTBomeBHll paABYCa B3aBMOA8liCTBBII 

K paABYCY A8liTpOBa. 

8 llSlTOll rnaae AJl'.CC8pTallBB npBBOAIITCII peaym.TSTbl-pemeHBH ypaBB8BBll, nonyqeBBblX 

B rnaae IV , AnSI cnyqag n - d -pacce11Brur npB ayneaoli saeprBB BeliTpoBa B An11 

CBSl3aBHOr0 COCTOHBBSl Tpex BYJtnOBOB. PacqeTbl 6blnB npoBeA8Ubl B ayneBOM B nepBOM npB6-

nBJK8BH51X M8TOAa Br AnH noTemt.Bana C o6MeBBblMB CBnaMB Cep6epa B C paABan&BOli 38BB

CBMOCTblO TBna IOKaBbI. IlapaM8Tpbl noTeBnBBna B KaJK)lOM npB6nBlK8HBB cornacoB&IBanBCh C 

aKcnepBM8BTan&BblMH JlSBBbIMH lIO D - p -B3aBi.rnAelicTBHIO npH Man&IX aaeprasrx: 3B8p

rBell CBSl3B A8liTpoaa, TpBnn8TBOli B CBBrneTBOli Alll!BaMB pacceHBBII B CBBrneTBblM 3¢¢eK

TBBBblM panHyCOM. 

Ans COCTOSlBBII C nOJIBblM CllBBOM s - 3/2 ayneaoe lipB6nBJK8BH8 M8TOAa Br npHBO-

ABT K OAHOMY BBTerpan&BOMY ypaBH8HBIO, nepBOe npB6nBJK8HB8 - K CBCT8M8 ABYX BHT8r-

pan&Bb!X ypaBB8BBll. ~ cnyqae s - 1/2 Byneaoe B nepBoe npB6nBlK8BBSl npBBOAHT COOT-

B8TCTB8BBO K CBCTC3M3M AByx B qeTbipex BBTerpan&BblX ypaBB8BHli, An11 38AaqB O paccell-

BBB 3TB ypaBB8BHSl B8OABOPOABbI, a Jlnll 38A8qfi Ba CBB3aBBO8 COCT:>SlHB8 - OABOPOABbl. CBC-

T8Mbl BBT8rpan&BbIX ypaBB8BBli pemamiCb nyTeM 38M8HbI BX Ba KOB8qBbl8 CBCT8Mbl nBB8liBblX 

anre6panqecKBX ypSBH8uBll C noMOillhlO KBaApaTypBblX ¢opMyJI raycca: Jlng KBapT8TBOli AnB-

Hbl n - d -paccesrBBB a, nonyqeao aaaqeaBe a, m 6,34£ KOTopoe xopomo coB-

naAaeT C 3KCll8pBM8BTa.11bBblM aaaqeBB8M a, = 6,38 !_ 0,06 £ B3 BaOopa }. JlyoneTBall 

tu!BHa n - d - paccellHBSl aa H aaeprBH CBB3B TpHTBII E T 6binB paccqaTaBhl nn11 

aet:Kon&KBX 3aaqeaBli caarneTBOro 3¢¢eKTHBIIoro paAHyca r 00 • ·Ansr r 
0• 

2,51 £ no-

JIY'l8Bbl cnecy10II01e 3Baqeaa11: 8
2 

= - 1,24 £ ET = 10,83 MSB, KOTOpble 3gaqBT8nhBO 

OTnaqaJOTCH OT 3KcnepBM8BTan&BblX 3gaqeBBli ET= 8,48 M3B B a a = O, 7 ! 0,3 £ 

H3 Ba6opa I. IlpBqBBOli T8KOro paCXOlKA8BBII MOlK8'I' CnYJKBT&, TO qTO B pacqeTaX 6&m BC

non&aOBaB neBTpan1>Bblli nOTeBUBan IOK8Bh!
0

6e3 yqeTa T8B3OpBbIX can B can OTTanKBBaBHll 

Ba Manb!X paccTOSIBBIIX. IloK83aBO, qTO ecnB napaM8Tpbl CBBrneTBOro noT8BUBM3 Bb16paTb 

Tax, qT06bl OBB COOTB8TCTBOBBlIB 3BaqeHBIO •o. • 3,6 £ (BM8CTO 3KCnepBM8BTan&BOr0 

3Baqe!lllll •o.· 2,51 :!: 0,11£ ), TO Allll •a B ET nonyqaJOTCSl 3BaqeBHH 

a a - 0,66 £ B ET - 8,52 ·MaB, oqeB& .6nB3KH8 K sKcnepBM8BTy. 3TOT pe3yn1>T8T 
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y:ll:83blB88T Ba TO, 'fTO. cpeBoMeBonorn'leCKHll noTeB11nan,1u11011t11l! npaBHn:&1108 3Ba'l81D18 aaep-. 

rllll CBll'.3ll TpllTHSI, npHBOIU[T T8KJK8 K npaBHm.BoMy 3R8'1811lll0 ny6neTllOl! llJDUlbl 11 - d -pac

CelIHHH. 

B xoane rnaBbl V . o6cylKJla8TCH BOnpoc O CXOllllMOCTll M8TOll8 Er B npliMeaena: IC 

3~8'18 Tpex ByKnOBOB ll nenaeTCH BblBOA O TOM, 'ITO 8TOT M8TOII ll'.BnlI8TCH CXOII.IIIIXllMC.11 

rrponeccoM no xpal!ael! Mepe B cny'lall'.X CBH3aBBoro coCTOll'.BHll'. H pacce.11BHH ael!Tpoaa c 

ByneBol! aaeprHel! .aa nel!TpOBe. CnenyeT saMeTHTb, 'ITO no peaynLTaTaM pemeBHl! JS a7ne

BoM H rrepBOM rrpH6lilllK8BHHX aenb3ll'. cnenaTL BhlBOA o xapaxTepe cXOAHMOCTll npl[6JDIJKeanbIX 

pemeaHl!. MoJKBO nHmh npennonol!CHTb, 'ITO CXOAHMOCTb Be 6yneT CYIIX8CTB8BBO X,-lKe, '18M l!, 

cnyqae nayx By:11:nOHOB, T.e. 'ITO. pa3BOCTH MelKJly. ABYMH rrocrrenoB8T81I&llb1MlI llpll0nHJIC8BH.II

MH 6ynyT A0CT8TO'IHO 0blCTpo YQb!BaTh C pocTOM nopnnxa npH6nHJK8HHH. 

l!HccepTannll'. conepJKHT naa rrpnnoJKeBHll'.. B rrpHnoJKeBHH I typH:seneBN aex0Top1,1e MaTe

MaTH'lecxHe Bblp8lK811Hll'., xaca10mnecg npllM8B8BHSl BapllaI(HOBHOro MeTona Py6HBOBa I( Bbl'IBC-

neBHIO nnHH n - d -paccell'.BHH, B rrpHnoJKeBHH II pacCM8TpHBa8TCH npHM8B8BB8 M8TOll8 

Er K 38A8'18 nayx By:11:nOIIOB C I(8BTpMbBblM UOT8BUHMOM, conepJK81lt11M nepnbll! OTTamtJIJS8-

T8ITbllbll! xop., 

/3,6,8/ 
M aTepHan nHccepTanHH ony6n2xoaaa a pa6oTax H a noxnanax, npe.t1CTaBneBBblX 

/7/ 
Ha Me>K.t1YHapo.t1Hblll Koarpecc no ,rnepaoll cpna2xe (ITapH>K, HIOnb 1964 r.) H aa MeJK-

. nyaaponay10 KoBcpepeHitHIO no HccnenoaaBHIO CTPYll:TYPbI ll'.Jt8p C noMOillbIO aellTPQHOB (AHTB8J>
/ll/ 

nea, HIOnb 1986 r.) , 
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